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(57) Abstract 



An air data probe (10) such as a pitot probe, pitot-static probe, or total air temperature probe incorporates heaters (42) within the 
wall (30) of the device. The heater (42) is in the wall (30) of the probe (10) and extends from the base (12) of the probe (10) to the tip 
(18) of the probe (10) and surrounds a sampling chamber (24) in the probe (10) in a spiral pattern. 
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HEATED AIR DATA PROBE 

Technical Field 
This invention relates to air data probes. In 
particular, this invention relates to air data probes 
5 that are easier to manufacture and have improved means 
for providing heat to the probe. 

BACKGROUND OF ?HE INVENTION 
Air data probes are well known within the 
aerospace industry for providing information concerning 
10 the aircraft's airspeed, Mach number, and flight 
direction. Pitot, pitot-static, and total air 
temperature air data probes are exemplary, and are shown 
in, for example, U.S. Patent Nos. 5,466,067 to Hagen, et 
al.; 5,369,993 to Hagen; 5,319,972 to Peterson, et al.; 
15 and 5,302,026 to Phillips. Air data probes are also 
used in industries outside of the aerospace industry, 
for example in weather stations and other applications 
where data concerning the air or atmospheric conditions 
are desired. 

20 As shown in the above referenced patents, tne 

shape of pitot and pitot-static probes include, and 
range from, an U L" shaped probe to a continuously swept 
probe. Aerodynamical ly compensated air data probes are 
shown in U.S. Patent No. 4,730,487 to De Leo et al. The 
25 aforementioned Phillips patent shows the shape of a 
total air temperature probe. Other shapes are known in 
the industry. 

Because of the environmental conditions that 
aircraft typically fly in, ice is known to form on the 
air data proves described above. When ice does form on 
the probe, the ability of the probe to measure air 
parameters deteriorates, and in some cases, the probe 
becomes entirely inoperable. It is therefore necessary 
to incorporate into the probe means to prevent the 



30 
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formation of ice, or to melt ice once it has formed. 
U.S. Patent No. 4,730,487 to De Leo, et al. and U.S. 
Patent No. 5,043,558 to Byles are illustrative of 
heaters used to address the formation of ice on air data 
5 probes . 

One problem associated with prior art heaters 
shown in the aforementioned patents is that they are 
labor intensive to install and therefore costly to 
manufacture, and they are difficult to inspect. 

10 Further, if inspection indicates that the heater is not 
fabricated or joined to the probe in a satisfactory 
manner, it is difficult to perform repair operations; as 
a result, probes that do not meet manufacturing 
requirements are often scrapped. 

15 Additionally, it is known that the prior art 

heaters consume relatively large amount of power from 
the aircraft, which is undesirable from the aircraft's 
point of view. This is especially the case in the 
construction shown in the *487 patent. In this 

20 construction, the probe includes a tubular barrel 
portion, and heater wires are brazed to the internal 
surface of the probe barrel. If ice forms on the 
external surface of the barrel during operation of the 
probe, heat must be conducted through the wall of the 

25 barrel in order to melt the ice. Because the surface of 
the heater wire only contacts the internal barrel 
surface along a tangent line, much of the heat generated 
by the wire never reaches the barrel wall, and is lost. 
Accordingly, improvements are sought in the 

30 manufacture of air data probes, and in particular, in 
the construction and arrangement of heaters for 
preventing ice formation on air data probes . 
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SUMMARY OF THE INVENTION 
According to the present invention, an 
improved air data probe comprises a base for attachment 
to a structure, a tip for extending into an airstream, 
5 and a body having an outer surface and extending from 
the base to the tip, wherein the body has a sampling 
chamber therewithin and the outer boundary of the 
sampling chamber is defined by a chamber outer surface, 
and wherein the chamber outer surface and the body 

10 outer surface define a wall therebetween extending from 
the base to the tip and having a uniform composition, 
cast metal microstructure, and the probe further 
comprises means for heating the probe that are disposed 
in the wall and surround the chamber, and extend in the 

15 wall from the base to the tip. 

In a preferred embodiment of the invention, 
the heating means is a wire heater which extends in the 
wall in a spiral pattern around the sampling chamber 
from the base of the probe to the tip. In the most 

20 preferred emoodiment, the probe further comprises a 
conduit disposed within or defining the sampling 
chamber, and wherein the conduit is in fluid 
communication with an opening in the probe tip and with 
an air data transducer means, 

25 Other features and advantages of the present 

invention will be appreciated by reference to the 
following drawings and description of the invention, 
BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a cross-sectional view of a probe 

30 in accordance with the present invention, partly broken 
away. 

Figure 2 is a cross-sectional view of an 
embodiment of the invention. 
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Figure 3 is a cross-sectional view of an 
embodiment of the invention. 

Figure 4 is a cross-sectional view of an 
embodiment of this invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention is best understood by reference 
to Figure 1 which shows an air data probe 10 having a 
base 12 for attachment to a structure 14, which is 
typically an aircraft or other air vehicle, or any other 

0 device used in conjunction with measuring or monitoring 
atmospheric conditions, such as a weather station. A 
probe body 16 extends from the base 12 to the tip 18 of 
the probe 10. The probe tip 18 projects into an 
airstream which generally flows in the direction of the 

5 arrow A. The base 12 of the probe 10 is generally in 
the shape of a flange or shoulder having inner 20 and 
outer 22 surfaces, respectively. The probe 10 is 
attached to the surface 15 of air vehicle 14 by bolts or 
the like (not shown) which pass through or extend from 

0 the base 12 into the air vehicle 14. 

Extending within the probe body 16 is a 
sampling chamber 24 whose outer boundary is defined by 
a chamber outer surface 26. The chamber outer surface 
26 and the outer surface 28 of the probe 10 define a 

5 solid wall 30 therebetween. The wall 30 has a uniform 
composition, cast metal microstructure that is formed by 
a casting process described in more detail below. The 
term "metal" is used in the conventional sense, and 
includes pure metallic elements such as nickel or 

0 aluminum; mejtal alloys such as beryllium-copper or any 
of the Inconel* alloys; and metal matrix composites such 
as nickel-boron carbide or copper-aluminum carbide. Non 
metallic composites may also be used in some 
applications. Casting processes include investment 
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casting techniques, lost foam techniques, and other 
similar techniques known to those skilled in the art. 
Preferably, the composition of the wall 30 is a metal 
having high thermal conductivity. Examples include 
5 aluminum alloys, copper alloys, and alloys of nickel; 
high conductivity metal matrix composite materials may 
also be used. Additionally, the surface of the probe 
may be coated or otherwise treated in order to enhance 
its properties. For example, corrosion or erosion 

10 resistance may be improved by the application of any of 
the coating and surface treatments known to those 
skilled in the art. 

An opening 32 extends through the tip 18 of 
the probe 10 into the air data sampling chamber 24. In 

15 this fashion, the tip 18 and the sampling chamber 24 are 
in fluid communication with each other. Similarly, the 
sampling chamber 24 is in fluid communication with a 
transducer 34 capable of making appropriate parametric 
measurements of the air that flows into the sampling 

20 chamber. If the probe 10 is used on an aircraxr, the 
transducer 34 is typically connected via suitable 
fittings 36 along a line 38 to an air data computer 40 
which provides information concerning, for example, the 
aircraft's airspeed, Mach number, or flight direction, 

25 or a combination thereof, to the pilot. If the probe 10 
is used on structures other than an aircraft, the 
transducer operates in other manners well known to those 
skilled in the art. 

The air data probe 10 of the present invention 

30 further comprises means 42 for heating the probe 10 
which are disposed in the wall 30 defined by the probe 
outer surface 28 and sampling chamber outer surface 26. 
The heating means 24 surround the chamber 24 and extend 
in the wall 30 from the base 12 of the probe 10 to the 
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probe tip 18. Because the heaters 42 are disposed 
within the wall 30 of the probe 10, essentially all of 
the surface area of the heater 24 is in contact with the 
wall 30, and heat is conducted into the wall 30 very 
5 efficiently; using this invention, heat is conducted 
into the wall considerably more efficiently .then in 
prior art constructions, where the heater only makes 
tangential contact with the wall of the probe. As a 
result, the present invention is significantly more 

10 effective in preventing the formation of ice on the 
probe 10, and for removing it if it forms at all. It is 
believed that use of the invention will enable heat to 
be transmitted up to at least about four times more 
efficiently than prior art probe. As will be described 

15 in more detail below, according to a preferred 
embodiment of this invention, the heater 42 is one or 
more resistive heating wire elements that extend in a 
spiral pattern in the wall 30 from the probe base 12 to 
the probe tip 18, and surrounds the sampling chamber 24. 

20 This is distinguished from the prior art, where the 
heater is disposed in the sampling chamber and is merely 
brazed to the wall of the chamber. Heretofore, it has 
not been known how to incorporate the heater into the 
wall, nor have the significant benefits in terms of 

25 heater efficiency that result from disposing the heater 
in the wall been known. The heater 42 is connected 
along a line 44 to suitable means well known to those 
skilled in the art for monitoring and/or controlling 46 
the amount of electrical current that passes through the 

30 wire 42. 

In the preferred embodiment of this invention 
the heater wire 42 comprises a central wire element 
surrounded by electrical insulation, which is in turn 
surrounded by a metallic sheath. Use of a metallic 



i 
t 



WO 98/16837 



PCT/US97/18895 



sheath assists in the formation of metallurgical bond 
between the sheath and the probe wall, which enhances 
the heat transfer capabilities of the heater. 

Precise location of the heater wire 42 within 
5 the probe 10 is facilitated by one or more supports 54 
which extend from the base 12 of the probe 10 tQ the tip 
18 of the probe 10. The heater wires 42 are attached to 
the support 54 by brazing, welding, or mechanical means, 
and the heater 42 is incorporated into the probe 10 

10 during a casting process described in more detail below. 
The support 54 is preferably a rod or strap, or other 
structure having a shape consistent with the overall 
shape of the probe. The size of the support 54 should 
be sufficient to provide structural strength to the wire 

15 42 during the casting process. Each support 54 may 
extend continuously from the base 12 to the tip 18, or 
it may extend in discontinuous segments along the length 
of the probe 10. If the wire 42 is wound in a spiral 
fashion, the use of two supports 54 is preferred, both 

20 extending axially along the length of the probe 10 at 
diametrically opposite positions on the spiral (i.e. , at 
0° and 180° positions). However, it should be 
recognized that the number of supports used, and their 
shape and placement, is dependent on the degree to which 

25 the heater wire 42 requires support. Further, the 
supports may additionally improve the structural 
integrity of the probe itself, and may be incorporated 
into the probe for that purpose. 

In an alternate embodiment of this invention, 

30 the support -may be a tubular member having an inside 
diameter equal to or greater than the diameter of the 
sampling chamber 24, and essentially concentric with the 
axis 56 of the sampling chamber 24. In this embodiment, 
the heater wires are attached to the outer surface of 
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the tubular member, in any pattern necessary to provide 
sufficient heating to the probe during use, and the tube 
provides structural support to the wires during the 
casting process. 
5 As indicated above, the probe 10 of the 

present invention is best fabricated by a cast metal 
process. The heater wire 42 is arranged within a 
suitably dimensioned casting mold, and as molten metal 
is poured into the mold, the metal surrounds and 

10 encapsulates the wire, which significantly improves heat 
transfer characteristics between the heater wire 42 and 
the probe wall 30 as compared to the prior art. The 
casting process also provides a hermetic seal around the 
heater wire 42, thereby eliminating the possibility of 

15 corrosion and failure of the heater, which has occurred 
with the prior art heated probe constructions. 

Preferably, the manufacturing process for 
fabricating the probe 10 of the present invention is 
carried out so that the heater wires 42 are located at 

20 either the mid-thickness point of the wall 30 or 
radially nearer the inner surface of the wall. The 
thickness of the wall 30 should be at least equal to the 
diameter of the wire 42, and preferably at least about 
three times the diameter of the wire 42, or more. Also, 

25 strength requirements should be taken into consideration 
in determining the thickness of the wall 30; as 
indicated above, the wire supports 54 may provide some 
degree of structural strength to the probe 10. 

While a spiral pattern of the heater wire 42 

30 around the .sampling chamber 24 is preferred, other 
patterns fall within the scope of the present invention. 
As shown in Figure 1, the probe has a leading edge 58 
and a trailing edge 60; in most cases, the heater wire 
42 extends slightly rearward of the leading edge 58 to 



WO 98/16837 



PCT/US97/18895 



-9- 

slightly forward of the trailing edge 60 of the probe 
10, and from the base 12 to the tip 18 of the probe 10. 
One or more positive temperature coefficient (PTC) 
resistive heaters or chips as described in U.S. Patent 
d No. 4,458,137 to Kirkpatrick may also be used in this 
invention, to supplement or enhance the performance of 
the wire heaters. Use of PTC heaters provides improved 
control over the amount of current that passes through 
the heater, and thereby, the amount of heat that is 

10 conducted into the probe body. 

In addition to the spiral pattern described 
above, the heater wire may also be laced from the probe 
to the tip, as schematically shown in Figure 2. In 
Figure 2, the heater wire 62 extends from the base 64 to 

15 the tip 66, in the wall 68 of the probe 70. The laced 
pattern may be advantageous for heating the portion 
immediately adjacent to the base, or may be used in 
conjunction with a spiral pattern surrounding the 
sampling chamber 72. Alternatively, the laced pattern 

20 may be used on the barrel portion of a probe in addition 
to near the probe base. Axially and laterally extending 
supports 74 and 76, respectively, may be used in an 
appropriate combination to secure the heaters 62 within 
the probe 70. The particular arrangement of the wire 62 

25 within the probe is not a critical aspect of the 
invention. Rather, the key aspect of the invention is 
locating the heater entirely within the wali of the 
probe body to benefit from the superior heat transfer 
benefits of the invention, and the enhanced corrosion- 

30 free life of- the heaters. 

Use of the present invention provides a 
significant advantage over the prior art arrangements of 
heaters, most notably in the heat transfer area and in 
the manufacture of products. For example, in prior art 
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probes where the heater wires are brazed to the internal 
surface of the probe, a significant amount of heat is 
never transmitted to the probe itself because of the 
point contact arrangement of the wire and the probe 
5 surface. According to the present invention, locating 
the wires within the probe wall, and preferably radially 
near the sampling chamber surface, results in nearly 
total conduction of heat from the heater to the walls of 
the probe. As a result, the probe is deiced faster, and 

10 uses less energy than is required of prior art 
constructions. Also, corrosion of the heater wire is 
prevented because the wires are hermetically sealed 
within the wall of the probe. Because corrosion of 
prior art designs is a major cause of heater failures, 

15 use of the present invention is a substantial 
improvement over the prior art. 

Referring again to Figure 1, the air data 
transducers 34 that are used in the present invention 
may be either temperature transducers, pressure 

20 transducers, or combinations thereof. If the transducer 
34 is a pressure transducer, then the opening 32 at the 
probe tip 18 is generally considered a pitot opening. 
Additional openings in the probe body may also be 
provided. For example, pitot-static openings located 

25 rearward of the pitot openings may be provided, in fluid 
communication via a suitably constructed and arranged 
conduit with a pitot-static pressure transducer. The 
pitot-static conduit may pass to the probe ba6e, via a 
separate conduit, in the wall of the probe or it may 

30 pass to the base along the sampling chamber. 

As is apparent from the foregoing discussion, 
the air data probe 10 of this invention is characterized 
by an air data sampling chamber 24 defined by walls 30 
that extend from the base to the tip of the probe body 
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16, wherein the sampling chamber 24 communicates 
directly with a transducer 34 and heater means are 
incorporated in the probe walls 30. Alternatively, and 
as shown in Figure 3, a fluid carrying conduit may pass 
5 through the chamber from the tip opening, directly to 
the transducer. As shown in Figure 3, the probe 80 
comprises a base 82, body 84, tip 86, and a chamber 88 
extending through the body 84 from the base 82 to the 
tip 86. The probe 80 also includes a fluid carrying 

10 conduit 90 extending from the tip 86 to a transducer 92, 
through the chamber 88. Use of a separate conduit 9 0 
within the chamber 88 for carrying fluid to the 
transducer 92 provides more accurate air data 
measurements. The conduit 90 may be fixedly attached to 

15 the walls 89 of the sampling chamber 88, or it may pass 
freely through the chamber 88, for example, in the form 
of a flexible tube having the capacity to withstand the 
operating temperatures and pressures of the probe 80. 
A freely extending conduit 90 is shown in Figure 3, in 

20 which the probe 80 further includes a separate head 94 
that may be attachable and detachable from the tip 86 of 
the probe 80. The head 94 is attached to the body by 
screws 96 or similar means which pass through a shoulder 
95 on the head 94; the shoulder 95 mates with a flange 

25 97 on the tip 86. The conduit 90 is in fluid 
communication with an opening 98 in the head 94 and 
extends through the chamber 88 of the probe 80 to the 
transducer 92. A terminating fitting 100 on the 
transducer 92, for receiving the end 104 of the conduit 

30 90, is constructed to allow for easy attaching and 
detaching of the conduit 90. Exemplary fittings include 
barbed ends, as shown in Figure 3, although other 
fittings known to those skilled in the art that function 
in a similar way to achieve the same result are useful. 
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The probe 80 is attached to a structure 107, such as the 
surface 109 of an aircraft in an appropriate fashion. 
As in the examples above, heater means 110 extend in the 
wall 99 of the probe body 84, from the base 82 towards 
5 the tip 86. 

A further aspect of the embodiment shown in 
Figure 3 is that the head 94 includes heater means 108 
that are separate from the heater 110 in the probe wall 
99. As shown in Figure 3, the head 94 preferably 

10 includes one or more wire heaters 108 that are brazed to 
the internal surface 112 of the head 4. Alternatively, 
the heaters 108 may also be cast into the wall 114 of 
the head 94; the head heaters operate independently of 
the heaters 110 in the wall 99 of the probe 80. The 

15 heaters 110 in the wall 99 are secured by suitable 
supports 111, as discussed above. In the embodiment 
shown in Figure 3, the head 94 includes a tube 116 whose 
upstream end 118 defines the fluid opening 98 in 
communication with the conduit 90. The downstream end 

20 124 of the tube 116 extends past the downstream end 126 
of the head 94, and into the chamber 88 of the probe 80. 
The tube 116 has a barbed termination end 102, or 
similar such fitting, for readily attaching and 
detaching the conduit * 90 that extends to the transducer 

25 92. The termination ends 122 of the heater wires 108 in 
the head 94 are also suitably constructed to allow for 
easy connect/disconnect capabilities, and preferably 
include means, such as conventional hermetic connectors, 
to keep the heater wires 108 free from moisture or other 

30 contamination that might otherwise degrade their 
operation or performance. The heater wires 108, 110 are 
both suitably connected to current controllers 128 and 
130, respectively, in the manner and for the reasons 
discussed above. 
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While Figure 3 shows the use of screws 9 6 to 
attach the head 94 to the tip 86, the head 94 may also 
be secured to the tip 86 by alternative means, e.g., 
brazing or welding; or it may be cast directly onto the 
5 tip 86. The use of screws is preferred because is 
allows the user of the probe to easily replace the head, 
for example, in case it is damaged. Additionally, the 
head 94 may be fabricated from a material having a 
composition that is different that the composition of 

10 the body 84, to provide for enhanced properties at the 
head 94, e.g., corrosion and/or erosion resistance. In 
fact, a separate head, having the same composition as 
the probe body, or a different composition than the 
probe body, may be used in any of the embodiments of 

15 this invention. 

A variation of the embodiments shown in 
Figures 1 and 3 is presented in Figure 4, where a probe 
in accordance with the invention is shown as reference 
numeral 150. The probe 150 includes a base 152 for 

20 attachment (by means not shown) to a structure 154, and 
a tip 156. An opening 158 in the tip 156 leads to a 
sample chamber 160. The outer boundary 162 of the 
sample chamber 160 is defined by walls 164 of conduit 
166. The conduit 166 extends from the opening 158 in 

25 the tip 156 of the probe 150 to, and preferably through, 
the base 152 of the probe 150. The conduit 166 is in 
fluid communication with a transducer 170 by means of 
connector 168 or other suitable fitting. The transducer 
170 provides signals to a computer 172 or other similar 

30 signal input , device. 

In Figure 4, heater wires 174 extend in the 
wall 176 of the probe 150 from the probe tip 156 to the 
probe base 152. The heater wire 174 is connected to a 
controller 178 which monitors and/or controls the amount 
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of current passing through the wire. According to this 
embodiment , the wire 174 may either be attached to 
support straps that extend from the tip 156 to the base 
152 as described above, or the wire 174 may be attached 
5 e.g., by brazing or mechanical devices to the outer 
surface 180 of the conduit 166. An even further support 
option , not shown in Figure 4, is to incorporate an 
additional strap, conduit or tube in the wall 17 6 of the 
probe 150 . The heater wire would be attached to such 
10 additional support by brazing or a similar attachment 
process . 

As indicated above, additional conduits and 
openings could be provided in the various embodiments of 
this invention to provide, for example, a fluid carrying 

15 conduit for pitot static pressure measurement, 
temperature measurement, or angle of attack or sideslip 
measurement. In the case of the probe shown in Figure 
4, these additional openings would be provided 
downstream of the opening 158 in the tip 156. The 

20 passageways for such additional measurements would 
extend in the probe wall 176, and could either be 
defined by a chamber of the type shown in Figures 1 and 
2, or a distinct conduit of the type shown in Figures 3 
and 4. And, of course, additional heaters could be 

25 provided, in the form of wires, cartridge heaters, or 
PTC chips. 

Example 1 

A strand of heater wire is wrapped around the 
outer surface of a mandrel or other suitable pattern 
30 having dimensions and shape suitably matched to the 
dimensions and shape of the probe to be manufactured. 
In particular, the external dimensions of the mandrel 
are slightly larger than the dimensions of the sampling 
chamber. The particular pattern that the wire is wound 
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on the mandrel (e.g., the spacing between adjacent wire 
windings) is adapted to achieve the necessary heat 
transfer requirements. The heater wire is approximately 
1.5 mm (0.06 in.) in diameter, and comprises a central 
5 resistance element which is surrounded by an insulating 
material; the insulating material is sheathed in a layer 
of metal, preferably nickel or other metal having a 
melting point no less than the melting point of the 
metal from which the probe is fabricated. After the 

10 wire is wound on the mandrel, and while the wire is 
still on the mandrel, supports are tack brazed along the 
leading and trailing edges of the winding, the supports 
extending essentially from the base to the tip. The 
wire (and its attached supports) is then removed from 

15 the mandrel, for example, by sliding the wire off the 
end of the mandrel. A fugitive pattern, preferably 
fabricated from any one of the known types of water 
soluble waxes used in the casting industry, is then 
fabricated. The wax pattern has external dimensions and 

20 a shape corresponding to the dimensions and shape of the 
sampling chamber of the probe to be manufactured; the 
external surface of the pattern corresponds to the 
external surface of the sampling chamber. Techniques 
for fabricating wax patterns are well known to those 

25 with ordinary skill in the art. The wire winding and 
its attached support structure is then placed onto the 
surface of the wax pattern (e.g., by sliding the wire 
onto the pattern, starting at the end of the pattern 
corresponding to the probe tip) and secured to the 

30 pattern by staples, pins, or other suitable attachment 
means. The wire is secured to the pattern such that the 
probe will have the desired distribution of wire within 
the probe wall at the completion of the casting process. 
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After the wire is secured to the pattern, a 
second fugitive pattern is made. Again, the preferred 
fugitive material is wax, preferably any of the known, 
non-water soluble wax compositions used in the casting 
5 industry. The external dimensions and shape of the 
second pattern corresponds to the external dimensions 
and shape of the air data probe being manufactured. The 
second pattern is formed around the first fugitive 
pattern such that the second pattern encapsulates the 

10 first. The thickness of the second pattern corresponds 
to the thickness of the probe body wall. Because the 
wire winding is arranged on the surface of the first 
pattern, during the formation of the second pattern, the 
second wax forms around the winding, and the winding 

15 becomes encapsulated by the second pattern wax. 

Next, the first wax pattern is removed from 
within the second pattern. As indicated above, the 
first wax pattern is preferably water soluble, and the 
first pattern is removed simply by soaking the pattern 

20 assembly in water. 

After the first pattern is removed, a cavity 
essentially having the shape of the sampling chamber is 
present in the second pattern. The cavity extends from 
the base of the pattern to the tip of the pattern. The 

25 heater wire is encapsulated in the second pattern. The 
next step in the process is to stucco the second wax 
pattern to form a shell mold, using any of the known 
ceramic slurry stucco processes suitable for casting 
metals such as beryllium copper, nickel, and aluminum 

30 (and their various alloys). The shell mold is then 
processed (e.g., heated) to remove the wax pattern from 
the mold. After the wax is removed, a hollow mold 
exists, with the heater wire and its attached supports 
extending between the walls of the mold from the base of 
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the mold to the tip. The staples that had previously 
attached the heater wire to the wax pattern are now 
attached to the stucco material, and provide additional 
support to the wire heater. Next, molten metal is 
5 poured into the mold and allowed to solidify. As 
indicated above, the composition of the metal is 
selected to achieve high thermal conductivity. Alloys 
of aluminum, copper, and nickel are suitable, as are 
certain metal matrix composites. After the metal has 

10 solidified, the shell is removed by conventional means, 
and an air data probe having a sampling chamber within 
the probe body, a uniform composition cast 
microstructure extending from the tip to the base, and 
means for heating the probe extending from the tip to 

15 the base in the wall of the probe is produced. Suitable 
connections are made to a transducer and current 
controls, and a probe is ready for operation. 

Example 2 

A heater wire is wound into a spiral pattern, 
20 and supports are attached to the wire, as described in 
Example 1. The wire is removed from the mandrel and 
rather than being attached to a wax pattern as set forth 
in Example 1, the wire is suitably secured to a ceramic 
core or other suitable heat resistant casting core. The 
25 core has external dimensions and a shape corresponding 
to the dimensions and shape of the sampling chamber of 
the probe to be manufactured. The wire winding is 
secured to the core so that the desired distribution of 
wire heater will be present in the probe wall at the 
30 completion of the casting process. 

After the wire winding is secured to the core, 
the wire and core assembly is encapsulated in a fugitive 
pattern, for example, a wax pattern. The thickness of 
the wax pattern corresponds to the thickness of the 
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probe wall, A stucco coating is then applied to the 
wire, core and wax assembly, with the core suitably 
positioned within the stucco mold by means of core pins 
or other conventional devices. After the stucco 
5 application step, the wax pattern is removed, using 
conventional process steps, thereby forming a hollow 
casting mold. Metal is cast into the mold, and after it 
solidifies, the shell and core are removed from the 
casting. A probe characterized by heater wire within 
10 the walls formed by a uniform composition, cast metal 
microstructure results. 

Example 3 

A heater wire is wound into the desired 
pattern directly onto a wax pattern, and supports are 

15 attached to the wire, as described in Examples 1 and 2. 
The wire is attached (e.g., by staples) to the pattern, 
also as described in Examples 1. Contrary to these 
prior Examples, however, the pattern in this Example 3 
includes a metal conduit tube which passes through the 

20 pattern, preferably along its longitudinal axis. The 
tube extends out of the pattern, past both the tip end 
of the pattern and the base end of the pattern. Next, 
a second wax pattern is formed around the first, wire 
wound wax pattern, such ' that the second pattern 

25 encapsulates the first. As in Example 1, both wax 
patterns are fabricated using techniques well known to 
those skilled in the art; the external dimensions and 
shape of the second pattern corresponds to the external 
dimensions and shape of the air data probe being 

30 manufactured, and the thickness or lateral dimensions of 
the second pattern corresponds to the thickness or 
lateral dimensions of the probe body wall. The wax of 
the second pattern forms around the wire winding on the 
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first pattern, and as a result, the winding is 
encapsulated by the second pattern wax. 

The first wax pattern is removed from the 
second pattern, and the second pattern is then coated 
5 with a stucco or other ceramic material suitable for 
metal casting. The ends of the conduit are sealed to 
prevent ceramic material from getting into the conduit 
during the stucco process; however, the ceramic material 
is intentionally applied to the end portions of the 

10 conduit to fix the conduit in space when the second wax 
pattern is removed in a subsequent step. After the 
ceramic material is applied, the second wax pattern is 
removed by conventional techniques forming a hollow 
ceramic shell mold having a metal conduit and wire 

15 winding therewithin. Molten metal is then poured into 
the hollow space defined by the ceramic shell. After 
the metal solidifies, the shell is removed, and a solid 
metal air data probe is produced, the probe having a 
sampling chamber defined by a metal tube and heater 

20 wires in the wall of the probe body; each extending from 
the tip to the base, and the probe body further 
characterized by a uniform composition cast metal 
microstructure extending from the tip to the base of the 
probe . 

25 Example 4 

This Example is similar to Example 3, with the 
exception that the first pattern is a ceramic pattern 
(or core). A metal conduit, which will form the fluid 
passageway to the transducer, passes through the ceramic 

30 pattern, and the wire winding is then attached to the 
core. The ceramic core is encapsulated with wax or 
other suitable fugitive pattern; a heat resistant shell 
mold material is applied to the wax pattern; the wax 
pattern is removed, forming a shell mold with a ceramic 
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core and metal tube therewithin; molten metal is poured 
into the shell mold; and the ceramic shell and ceramic 
core are removed. A solid metal air data probe having 
a sampling chamber defined by a metal tube, a hollowed 
5 portion having a shape of the ceramic core, and heater 
wire(s) extending from the tip to the base in the wall 
of the probe is formed. 

Example 5 

A heater wire is wound into the desired 

10 pattern and attached to a fugitive pattern such as wax. 
Supports are attached to the wire, either prior to or 
subsequent to placing the wire on the pattern. In this 
Example, a conduit preferably of a heat resistant metal 
tube passes through the pattern, and extends past the 

15 ends of the pattern. The pattern is them coated with 
stucco or other material suitable for forming a casting 
shell. (The ends of the conduit are sealed to prevent 
stucco material from contaminating the inside of the 
conduit during the stucco application process.) After 

20 the stucco process is completed, the fugitive pattern is 
removed, thereby forming a hollow shell within which 
extends the conduit; the tube is secured within the 
shell by the stucco, which was applied near the ends of 
the tube, as in Example 4. The heater wires and their 

25 supports are adjacent to, but not encapsulated in, the 
shell. (In order to insure that the wires are not 
encapsulated in the shell, it may be preferable to apply 
a thin layer of a fugitive material, such as wax, over 
the wires and the fugitive pattern prior to the stucco 

30 process.) N^xt, molten metal is then poured into the 
shell; it solidifies and produces a solid metal air data 
probe heaving a metal conduit passing therethrough, and 
heater wires within the probe walls. The probe is 
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entirely solid (except for the tube) and has no other 
passageways or hollow areas. 

Although this invention has been shown and 
described with respect to detailed embodiments thereof, 
5 it should be understood by those skilled in the art that 
various changes in form and detail thereof may. be made 
without departing from the spirit and scope of the 
invention. For example, it is apparent that the wire 
heater may be wound in any of a number of various 

10 orientations to form a de-icing and anti-icing 
configuration for the probe. The wire may be wound on 
a mandrel and transferred to a fugitive pattern, or it 
may be wound directly on the pattern. Further, the 
probe may include a detachable head, with its own, 

15 independently controlled heaters; the head may be 
fabricated from a material that differs from the 
material of the probe body, or it may be the same 
material. Additional ports for sampling additional air 
data parameters may be provided in the probe: for 

20 example, pitot static ports may be provided in addition 
to a pitot port, or temperature ports may be provided. 
Such variations as these, and others, may be made and 
will still be within the scope of this invention. 
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WHAT IS CLAIMED IS: 

1- An air data probe having an outer surface and 

comprising a base for attachment to a structure, a tip 
extending into an air stream, and a body extending from 
5 the base to the tip and having a sampling chamber 
therewithin, that extends from the base to .the tip, 
wherein the outer boundary of the sampling chamber is 
defined by a chamber outer surface, and the chamber 
outer surface and the body outer surface define a wall 
10 therebetween having a uniform composition cast metal 
microstructure, wherein means for heating the probe are 
disposed in the wall and extend from the base to the 
tip . 

2. The air data probe of claim 1, wherein the tip 

15 includes a passageway extending therein, and the probe 
further comprises a conduit disposed within the sampling 
chamber in fluid communication with the passageway in 
the tip and with an air data transducer spaced from the 
base . 

20 3. The air data probe of claim 1, wherein the 

heating means is a heater wire disposed within the wall 
between the chamber outer surface and the body outer 
surface . 

4. The air data probe of claim 2, wherein the air 
25 data transducer is for measuring temperature or for 

measuring pressure . 

5. The air data probe of claim 2, further 
comprising a second passageway downstream of the tip 
passageway, the second passageway extending through the 

30 probe wall - to a second conduit within the sampling 
chamber, wherein the second conduit is in fluid 
communication with the second passageway and with a 
second air data transducer spaced from the base. 



WO 98/16837 



PCT/US97/18895 



-23- 

6. The air data probe of claim 3, wherein the 

heater wire surrounds the sampling chamber and extends 
in a spiral pattern from the probe base to the probe 
tip. 

5 7. The air data probe of claim 6, wherein the 

heater wire is supported within the probe wall by a 
support structure that extends from the probe base to 
the probe tip. 

8 . A heater air data probe for attachment to an 
10 air vehicle, the probe having an outer surface and 

comprising a base for attachment to the air vehicle, a 
tip extending into an air stream, and a body extending 
from the base to the tip, wherein the tip includes a 
pitot port and the body includes a pitot chamber that 

15 extends in the probe body and provides for fluid 
communication between the port and a pitot pressure 
transducer, wherein the outer boundary of the pitot 
chamber is defined by a chamber outer surface, and the 
chamber outer surface and the probe outer surface define 

2 0 a solid wall therebetween, and wherein the probe 
includes means for heating the probe body that extend in 
the probe wall from the probe tip to the probe base. 

9. The air data probe of claim 8, further 
comprising a pitot -static port downstream of the pitot 

25 port, wherein the pitot -static port extends to a pitot - 
static chamber in the body that provides for fluid 
communication between the pitot-static port and a pitot - 
static pressure transducer. 

10. A heater air data probe for attachment to an 
30 air vehicle, comprised of a base for attachment to the 

vehicle, a tip extending into an air stream, a body 
having an outer surface and extending from the base to 
the tip, and a head attached to the tip for sampling the 
air stream, wherein the head includes an air sampling 
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passageway in communication with a fluid carrying 
conduit that extends from the tip to an air data 
transducer, wherein the probe body includes a chamber 
through which the conduit passes, and the surface of the 
5 chamber and the surface of the body define a wall 
therebetween, and wherein the probe includes a first 
heater for heating the probe body, the heater extending 
in the wall of the probe from the base to the tip, and 
a second heater for heating the head. 




70 




BEST AVAILABLE COP' 



WO 98/16837 



PCT/US97/18895 




INTERNATIONAL SEARCH REPORT 



Intt lonai Application No 

PCT/US 97/18895 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 6 G01P5/165 G01P5/14 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 G01P 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GB 946 898 A (ROSEMOUNT ENGINEERING A.G.) 
15 January 1964 

see page 3, line 44-55; figure 3 

US 3 482 445 A (LEO RICHARD V DE ET AL) 9 
December 1969 

see column 3, line 5-11; figure 3 

WO 82 03693 A (ROSEMOUNT INC) 28 October 
1982 

see page 7, line 20-28; figure 2 

US 3 514 999 A (ME JEAN JACQUES G ET AL) 2 
June 1970 

see column 2, line 60-63; figure 1 

-/- 



1-6,8,9 
10 

1-6,8,9 
10 

1-4,6,8 



| X I Furtner documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

-X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when me 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*4" document member of the same patent family 



Date of the actual completion of the international search 



5 March 1998 



Date of mailing of the international search report 



12/03/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL • 2280 HV Riiswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: {+31-70) 340-3016 



Authorized officer 



Hansen, P 



Form PCT7ISA/210 (second sheen (July 1 992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



tnte JonaJ Application No 

PCT/US 97/18895 



C.(Contlnuatton) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indfcation.where appropriate, of the relevant passages 



Relevant to claim No. 



GB 1 118 794 A (SMITHS IND. LTD.) 3 July 
1968 

see page 4, line 87-94; figure 5 



1 



Form PCTflSA/210 (contmuaiJon ol second sheet) (Juty 1982) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Inte. onal Application No 

PCT/US 97/18895 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



GB 946898 



US 3482445 A 



WO 8203693 A 



09-12-69 



28-10-82 



NONE 



DE 1920699 A 

FR 2006949 A 

GB 1256722 A 

SE 364564 B 



US 
BR 
CA 
EP 
JP 



4458137 
8207580 
1182158 
0076306 



3078757 B 



JP 58500494 T 



06-11-69 
02-01-70 
15-12-71 
25-02-74 



03-07-84 
29-03-83 
05-02-85 
13-04-83 
16-12-91 
31-03-83 



US 


3514999 


A 


02-06-70 


NONE 


GB 


1118794 


A 




NONE 



Fofro PCT/ISA/210 <p*t«nt fa may annex) (Judy 1 992) 



